Summary. The hypersonic small-disturbance theory is reexamined in this study. A systematic and rigorous approach is proposed to obtain the nonlinear asymptotic equation from the Taylor-MaccolI equation for hypersonic flow past a circular cone. Using this approach, consideration is made of a general asymptotic expansion of the unified supersonic-hypersonic similarity parameter together with the stretched coordinate. Moreover, the successive approximate solutions of the nonlinear hypersonic smalldisturbance equation are solved by iteration. Both of these approximations provide a closed-form solution, which is suitable for the analysis of various related flow problems. Besides the velocity components, the shock location and other thermodynamic properties are presented. Comparisons are also made of the zeroth-order with first-order approximations for shock location and pressure coefficient on the cone surface, respectively. The latter (including the nonlinear effects) demonstrates better correlation with exact solution than the zeroth-order approximation. This approach offers further insight into the fundamental features of hypersonic small-disturbance theory.
Notation
shock angle 6 cone angle density e density ratio, L)~/~o(~) ~, ratio of specific heats 0 polar angle stretched polar angle, 0/6 c~(6), c~(~5), ),(6) gage functions
introduction
In the axisymmetric supersonic flow around a circular cone, the shock wave near the apex of the cone is also a circular cone (if the flow behind the shock wave is supersonic). Such a flowfield is called conical, and is not so simple as for a wedge. In the latter case of the wedge the oblique shock solution can fit directly since the flow in the region between the shock and the wedge is uniform. In the three-dimensional case of the cone, however, a uniform flow downstream of the shock is not possible, for it would not satisfy the continuity equation. Additionally, all properties are constant along each ray emanating from the apex of the cone because there is no chracteristic length involved in this problem. Due to the above characteristics, it is difficult to find the exact solutions which can be used to analyze the conical flowfield. The cone problem, considered by Busemann [1] in 1929, was the first problem in the theory of conical flow. In 1943 he [2] derived the formula for the linear theory of conical flow, with the aid of which today many important problems are solved. The idea of hypersonic similitude is due to Tsien [3] who investigated the two-dimensional and axisymmetric irrotational equations of motion, and defined the hypersonic parameter Ke = M~. This work was further extended by Hayes [4] who showed that Tsien's results applied to rotational flows as well. The definition of hypersonic flow used by Oswatitsch [5] , [6] involved the concept of the basic hypersonic limiting process Moo ~ eo. On the basis of his analysis of the perfect-gas flow, he concluded that the flow pattern and pressure coefficients on a body were independent of value of M~ [7] in the limit of very large Mo~. Moreover, a further extension of the similarity rules derived above to the case of flow with heat addition was carried out by Zierep [8] , [9] . For determining how much heat to be added to a hypersonic field inn order to produce a non-negligible influence on the flow, he proposed a new similarity law which permits comparison of different hypersonic fields with different heat addition. Also statements concerning the drag increase of a profile due to addition of heat are made.
The combined supersonic-hypersonic similarity rule and the hypersonic small-disturbance theory for plane and axisymmetric flows were analyzed by Van Dyke [10], [11] . Following that, the linearized approximate analytical solutions for hypersonic flow past a circular cone at zero incidence were obtained from the Taylor-Maccoll equation [12] with a constant-density approximation by Pottsepp [13] , and from the stream function equation in cylindrical coordinates by Rasmussen [14] . In general, the above approximations yield satisfactory results compared to the so-called exact solutions, such as Kopal [15] and Sims [16] tables, which obtained by solving the complete governing equation through numerical means. However, the lack of mathematical rigorousness in their analyses causes difficulty in deriving of a higherorder approximation later performed by Lin [17]. Lin's report indicated that the choice of treatment on nonlinear higher-order terms significantly influences the output and subsequently results in an inconsistent outcome. It follows that the use of a rigorous method is necessary to obtain an accurate approximate solution on the conical-flow analysis. Recently, Feng [18] , [19] successfully conducted a comprehensive study on the 2-D boundary-value problem by the nonlinear asymptotic theory. Their work include flow fields associated with several 2-D shapes in hypersonic flow regions. Notably, the success of the 2-D asymptotic theory sets a solid foundation for the asymptotic study on the conical flow. Therefore, in this work, a systematic and rigorous approach is proposed to obtain the nonlinear equation for a hypersonic flow past a circular cone in spherical coordinates from the full boundary-value problem of Taylor-Maccoll equation [12] . Using this approach, consideration is made of a general asymptotic expansion of the unified supersonic-hypersonic similarity parameter together with the stretched coordinate. The successive approximate solutions of the nonlinear hypersonic small-disturbance equation will be solved by iteration. The zerothorder approximation yields the basic solution of the linearization. The first-order effects of the nonlinearity are then calculated by using this basic solution to evaluate the nonlinear terms, and solve again. The full boundary conditions are to be imposed and the complete solutions (including the shock location) are obtained at this stage. Moreover, the temperature
